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INTRODUCTION 


BACKGROUND 

Most  U  .S  .  Air  Force  aircraft,  in  the  fighter  and 
attack  categories,  are  equipped  with  arresting  hooks. 
The  hooks  are  for  use  in  stopping  the  aircraft  during 
takeoff  or  landing  emergencies  by  engaging  a  pendant 
(cable)  which  is  stretched  across  the  runway.  The  cable 
is  attached  by  nylon  tapes  to  arresting  engines  (energy 
absorbers)  on  opposite  sides  of  the  runway.  The  combi¬ 
nation  of  cable,  tapes,  and  arresting  engines  is  called 
a  "runway  arresting  system."  It  is  better  known  as  a 
"barrier"  and  will  be  referred  to  as  such  in  this  docu¬ 
ment  . 


As  new  aircraft  enter  the  Air  Force  inventory,  their 
compatibility  with  commonly  used  barriers  must  be  deter¬ 
mined  .  Conversely,  as  new  barriers  are  introduced  they 
must  be  evaluated  with  all  hook-equipped  aircraft. 


The  process  of  evaluating  aircraft/barrier  compati¬ 
bility  requires  aircraft  to  be  arrested  under  controlled 
conditions  .  Arrestments  are  generally  conducted  both  on 
and  off  the  runway  centerline  at  low,  medium,  and  high 
aircraft  weights!  and  at  groundspeeds  increasing  from 
approximately  60  knots  in  10  knot  increments  .  Testing 
is  terminated  when  a  structural  load  limit  is  approached, 
such  as  tail  hook  tensile  load  or  landing  gear  vertical 
or  side  load,  or  when  the  aircraft  rotation  speed  is 
reached  . 


This  Technical  Information  Memorandum  presents  in 
detail  some  solutions  to  the  problems  encountered  during 
barrier  compatibility  testing. 

OBJECTIVES 


The  objective  of  this  TIM  was  to  document  the  results 
of  a  study  which  was  conducted  to: 

1)  Develop  a  curve  fitting  routine  which  will,  with 
reasonable  conservatism,  generate  a  family  of  curves  re¬ 
lating  maximum  hook  load  (the  dependent  variable)  to 
aircraft  engagement  groundspeeds  for  a  range  of  aircraft 
weights  . 


^Hence^orth  in  this  document  'weight'  infers  gross  weight 
unless  otherwise  specified  . 


2)  Develop  a  method  for  barrier  data  analysis  which 
will  predict,  with  a  predetermined  level  of  confidence, 
the  critical  arrestment  groundspeeds  based  on  a  knowledge 
of  barrier  type,  aircraft  weight,  and  arresting  hook 
design  load  limit . 

3)  Identify  types  a<*d  sources  of  error  which  are 
responsible  for  the  inordinate  amount  of  deviation  intrin¬ 
sic  in  the  barrier  data  which  have  been  collected  at  the 
AFFTC . 
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BARRIER  TESTING 


BARRIER  DESCRIPTIONS 

The  Aircraft  Arresting  System  Test  Facility  at  the 
AFFTC,  shown  in  figure  1,  is  equipped  with  the  Air  Force's 
two  most  commonly  used  barriers;  the  BAK-12  and  the 
BAK-13,  shown  schematically  in  figure  2.  The  BAK-12  is 
widely  used  on  military  airfields  throughout  the  Conti¬ 
nental  U.S.,  whereas  the  BAK-13  is  used  mostly  at  United 
States  air  bases  in  Europe  and  the  Far  East.  Most  U .S . 
Air  Force  hook-equipped  aircraft  have  been  evaluated  for 
compatibility  with  each  of  these  barriers  . 

The  two  barrier  systems  each  convert  the  kinetic 
energy  of  the  arrested  aircraft  into  heat  energy;  the 
BAK-12  through  mechanical  friction  and  the  BAK-13  through 
a  liquid  turbine  . 

The  standard  BAK-12  can  be  configured  for  best  per¬ 
formance  with  either  40,000  or  50,000  pound  aircraft, 
through  a  combination  of  internal  adjustments  and  changes 
in  amount  of  tape  stored  on  each  arresting  engine  .  The 
standard  BAK-12  utilizes  950  feet  of  tape. 

The  unit  currently  in  use  at  the  AFFTC  is  known  as 
an  "extended  runout"  version  of  the  BAK-12  and  is  desig¬ 
nated  the  BAK-12ER .  It  has  1,200  feet  of  tape  and  is 
designed  for  best  performance  with  aircraft  weighing 
approximately  40,000  to  60,000  pounds.  It  has  demonstrated 
the  capability  to  arrest  aircraft  weighing  from  18,000 
to  90,000  pounds  without  damage  to  itself  or  the  aircraft. 

The  BAK-13  is  more  efficient  in  dissipating  heat 
than  the  BAK-12ER.  Although  it  has  only  950  feet  of 
tape  it  performs  best  with  aircraft  weighing  approximately 
40,000  to  70,000  pounds.  It  has  also  successfully  arrested 
aircraft  weighing  from  18,000  to  90,000  pounds.  Because 
of  the  shorter  runout,  BAK-13  hook  loads  are  greater 
than  those  generated  by  the  BAK-12ER  for  a  given  aircraft 
kinetic  energy  . 

Both  the  BAK-12ER  and  the  BAK-13  have  a  maximum 
capacity  of  85  million  foot-pounds.  Each  can  arrest  a 
53,000  pound  airplane  at  190  knots  maximum  groundspeed, 
or  an  80,000  pound  airplane  at  150  knots  maximum  ground- 
speed  . 
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■  igure 


Best  performance  in  these  barriers  is  developed  when 
the  hook  load  is  nearly  constant  during  the  steady  braking 
part  of  the  runout  .  Figure  3  shows  typical  histories 
of  aircraft  hook  loads  at  low,  medium,  and  high  weights 
versus  runout  distances  .  The  areas  under  the  curves 
represent  the  energy  absorbed  by  the  barrier  .  The  peak 
amplitude  of  the  hook  load  is  a  function  of  the  aircraft 
groundspeed  and  the  point  in  the  runout  at  which  it  is 
developed  is  a  function  of  the  aircraft  weight .  It  is 
important  to  note  that  the  groundspeeds  referred  to  are 
engagement  speeds  .  During  the  time  period  between  cable 
engagement  and  the  onset  of  maximum  braking,  some  aircraft 
velocity  is  lost  .  Thi6  is  accounted  for  in  the  energy 
required  to  accelerate  the  arresting  engines,  stretch 
the  tapes,  etc.  An  exception  to  this  is  the  case  of 
light  aircraft  such  as  the  F-5,  wherein  the  maximum  hook 
load  may  occur  at  the  instant  of  cable  impact  . 

AIRCRAFT/BARRIER  COMPATIBILITY 

Compatibility  between  an  aircraft  and  a  barrier  can 
be  defined  as  the  quality  that  allows  them  to  interact 
harmoniously.  The  extent  of  this  harmony  can  be  expressed 
through  the  severity  of  the  limitations  that  the  barrier 
imposes  on  the  aircraft  arrestment  conditions .  Complete 
compatibility  would  require  that  the  aircraft  be  capable 
of  being  arrested  at  any  operational  combination  of  weight 
and  groundspeed  within  the  kinetic  energy  limit  of  the 
barrier,  within  the  load  limit  of  the  tail  hook,  and  at 
any  distance  from  the  centerline  of  the  runway  up  to  20 
percent2  of  the  barrier  cable  length.  The  most  frequently 
encountered  barrier- imposed  limitations  involve  the  ar¬ 
resting  hook  (tail  hook)  and  nose  landing  gear  structures. 

Typical  Test  Approach: 

The  test  aircraft  is  usually  equipped  with  instrumen¬ 
tation  for  recording  tail  hook  and  nosegear  loads  and 
other  critical  parameters  during  arrestment  tests  .  The 
data  is  also  telemetered  to  a  ground  station  where  it 
is  displayed  in  real  time  on  strip  chart  recorders  for 
comparison  with  tail  hook  and  nosegear  design  load  limits  . 
The  purpose  of  the  tests  is  the  determination  of  the 
arrestment  conditions  under  which  these  limits  are  ap¬ 
proached  . 

As  testing  proceeds  the  maximum  hook  loads  obtained  are 
plotted  against  the  corresponding  engagement  groundspeeds  . 
An  approximating  curve  is  drawn  through  the  resulting 


2 From  Military  Specification  MIL-A-83136,  paragraph 
4. 3. 3.1.  (reference  11) 
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scatter  diagram  and  extrapolated  through  the  hook  design 
load  limit.  The  groundspeed  at  which  the  curve  crosses 
the  hook  design  load  limit  is  tentatively  taken  as  the 
hook  limit  speed. 

The  above  procedure  is  not  always  satisfactory  because 
of  uncertainty  involved  in  constructing  the  approximating 
curve.  There  is  a  large  amount  of  deviation  in  arresting 
hook  load  data,  and  the  number  of  data  points  obtained 
at  each  test  condition  is  seldom  greater  than  approximately 
ten.  This  is  the  number  of  test  runs  generally  required 
to  cover  the  build-up  in  ground  speed  from  approximately 
60  knots  to  the  hook  limit  speed. 

After  the  testing  is  completed  and  all  the  hook 
load/velocity  data  have  been  reduced  they  are  analyzed 
more  thoroughly.  To  avoid  individual  judgement  in  curve 
fitting  the  method  of  least  squares  is  used.  Various 
equations  for  approximating  curves  are  written,  each  of 
which  is  fitted  to  the  data  in  the  least  square  sense. 
The  correlation  coefficient,  which  indicates  the  degree 
of  association  between  the  dependent  and  independent 
variables,  (estimated  from  the  regression  line)  is  then 
determined  for  each  of  the  equations.  The  equation  for 
the  curve  having  the  correlation  coefficient  with  the 
highest  absolute  value  is,  by  definition,  the  one  best 
correlated  with  the  data.  A  confidence  interval  estimate, 
which  is  a  function  of  the  standard  deviation  of  the  data 
about  the  regression  line  (curve),  is  then  calculated. 
It  has  dimensions  of  hook  load  (pounds)  and  defines  bounds 
above  and  below  the  regression  line.  If  we  assume  the 
data  distribution  is  normal,  the  upper  and  lower  bounds 
of  the  90-percent  confidence  interval  are  determined  by 
multiplying  the  standard  deviation  by  1.6453.  Then, 
for  approximately  normal  distribution,  we  can  expect  to 
find  a  hook  load/velocity  data  point  lying  within  the 
confidence  interval  90-percent  of  the  time. 

Shortcomings ; 

Curves  relating  hook  load  and  groundspeed  derived  by 
the  above  method  have  some  inherent  shortcomings. 

1)  They  are  excessively  conservative. 

2)  They  do  not  "family"  on  an  aircraft  weight  basis. 


-*The  confidence  coefficient  for  a  confidence  level  of 
90%  is  1.645.  (From  Schaums  Outline  Series  of  Statistics, 
Chapter  9,  page  157) 
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3)  The  confidence  interval  has  a  constant  width 
which  infers  that  the  standard  deviation  is  constant  along 
the  length  of  the  curve  . 

Shortcoming  number  one  results  from  too  small  a  sample 
size.  Normal  data  distributions  usually  have  a  sample 
size  of  at  least  30. 

Shortcoming  number  two  exists  because  each  of  the 
curves  in  the  weight  family  is  generated  by  a  different 
equation.  As  the  constants  in  the  equations  are  changed 
the  slope  of  the  line  (or  the  shape  of  the  curve)  changes 
in  such  a  way  that  it  sometimes  intersects  adjacent  mem¬ 
bers  of  the  family. 

Shortcoming  number  three  comes  about  because  the  con¬ 
fidence  interval  estimate,  although  correctly  determined, 
is  incorrectly  applied.  The  standard  deviation  used  in 
determining  the  confidence  interval  estimate  refers  to 
the  deviation  of  hook  load  samples  with  respect  to  the  mean 
hook  load,  which  is  at  the  centroid  of  the  scatter  diagram. 
The  part  of  the  hook  load  curve  of  greatest  interest  is  the 
region  where  it  crosses  the  design  limit  hook  load.  This 
is  generally  in  the  high  speed  region  of  the  curve,  far 
removed  from  the  data  centroid  . 

-BARK  1 KR  DYNAMICS 

Aircraft  arrestment  by  these  barriers  consists  of 
three  events;  cable  engagement,  barrier  acceleration, 
and  aircraft  deceleration.  Cable  engagement  and  barrier 
acceleration  constitute  the  "dynamic"  portion  of  the 
arrestment  during  which  the  barrier  reels  are  accelerated 
and  the  cable  and  tapes  are  stretched.  Following  the 
dynamic  period  the  barrier  applies  a  steady  (ideally 
constant)  braking  force  on  the  airplane.  However,  the 
barrier  is  velocity  sensitive  and  the  aircraft's  ground- 
speed  at  the  beginning  of  the  steady  braking  period 
determines  the  magnitude  of  the  hook  load  .  Heavier  air¬ 
craft  loee  less  velocity  during  the  dynamic  period  than 
light  aircraft  and  hence  develop  a  greater  maximum  hook 
load  for  a  given  engagement  speed .  As  tape  is  unwound 
from  the  barrier  reels  the  moment-arm  through  which  the 
arresting  force  is  applied  decreases  .  If  the  aircraft 
groundspeed  is  still  high  at  this  point,  as  would  be  the 
case  with  a  heavy  aircraft  such  as  the  F-lll,  the  arresting 
force  (and  hOok  load)  increases.  The  result  is  a  hook 
load  runout  history  similar  to  that  shown  in  figure  3c. 

Both  aircraft  weight  and  velocity  are  factors  influ¬ 
encing  arresting  hook  loads.  However,  without  a  complete 
analysis  of  the  physics  of  the  problem,  the  forms  that 
they  should  take  in  a  hook  load  equation  are  not  obvious  . 
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THE  HOOK  I/OAD  EQUATION 


The  most  promising  approach  to  the  first  two  objec¬ 
tives  was  to  develop  individual  equations  that  would 
best  fit  the  hook  load/groundspeed  data  from  each  of  the 
three  barriers,  the  standard  BAK-12,  the  BAK-12ER,  and  the 
BAK-13.  The  first  step  in  this  process  was  to  assemble 
all  of  the  data . 

ASSEMBLING  THE  DATA 

At  the  time  of  this  study  there  existed  a  large 
quantity  of  data  from  Dast  AFFTC  barrier  compatibility 
programs.  There  were  data  from  545  test  runs  with  the 
BAK-13;  121  test  runs  with  the  BAK-12ER,  and  96  test 
runs  with  the  standard  BAK-12  .  The  BAK-12ER  and  BAK-13 
data  are  shown  in  figures  4  and  5  in  the  form  of  scatter 
diagrams.  These  data  were  published  in  AFFTC  Technical 
Reports  subsequent  to  the  conclusion  of  each  test  program 
(see  bibliography)  .  Data  pertinent  to  this  study  were 
taken  from  the  reports  and  transferred  to  punched  cards, 
one  card  for  each  data  point  (test  run)  .  Computer  print¬ 
outs  of  the  data  used  in  this  study  are  shown  in  tables 
1  and  2  . 

Identification  of  Errors; 

During  the  process  of  assembling  the  data,  it  became 
obvious  that  there  was  an  inordinate  amount  of  dispersion 
in  the  hook  load  data  .  In  order  to  obtain  some  insight 
into  the  possible  causes  for  the  dispersion,  the  appro¬ 
priate  AFETC  Technical  Reports  were  researched.  The 
research  revealed  some  inconsistencies  in  data  reduction 
methods  and  some  apparent  instrumentation  anomalies.  The 
data  were  carefully  edited  and  only  verifiable  data  were 
retained . 

During  this  editing  process,  it  became  evident  that 
much  of  the  data  dispersion  was  random  in  nature  and 
therefore  self-cancelling  .  For  each  test  point  that  de¬ 
viated  on  the  low-side,  there  was  one  on  the  high-side. 
These  compensating  errors  were  unavoidable. 

Systematic  errors  became  evident  too.  In  examining 
the  test  reports,  it  was  discovered  that  the  rules  for 
interpreting  data  were  not  consistent.  In  some  cases, 
the  effective  values  of  the  hook  load  were  read  and  in 
other  cases  the  peak  loads  were  read.  In  some  barrier 
compatibility  programs,  the  aircraft  onboard  data  system 
introduced  errors  by  having  too  low  a  data  sampling  rate 
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Table  1 


SUMMAKY  UF  BAK-12  (fcXTFNUtC  RUNOUT)  ARMSTMIM  DATA 


A  /C 
TYPfc 


A/C  A/C 
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Wt  1GHT  CROSS  PAX  1  POM 
CATEGORY  wt  icht  huukloao 
(LB)  (LB)  (LB) 


A/C 

CkUUM)  E  N  CAGE  MEM 

SPEtO  AT  DISTANCE 
ARKFSTMlNT  FR  UM  KUNwAY 
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CENTER  (FT) 


AFFTC 
TECHNICAL 
RF  PlK  T 
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It  S  I 
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N  0  Hit  t  k 
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3  AUOO 
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bO 
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130.0 
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bO 
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/t-b 

61 

F  -  1  5  A 

ACOOO 

37000 

699C0 

132.0 
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119.0 

u 

/6-b 

3  b 
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0 

/  b-b 

At 

f  -  HA 

b  ACOu 

b  3  6  0  0 
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lb 

< 
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1 

2  t.  bOO 

2  A  A  0  0 
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0 
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bO 
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/t  bOO 
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0 
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26bC0 
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0 
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in 
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3b 
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bO 

ac-  / 

2  a 

F-  It  A 

2 1  b  00 

26  AOO 

b2  OCO 

1  3  A  .  2 

3  b 

ec-/ 

2  3 

F  -  J  t  A 

it  bOO 

26  AOO 

396  CO 

106.  / 

3  b 

60-/ 

21 

F  -  1  t  A 

2  t  bOO 

2  6  b  0  0 

3  /OCO 

109.6 

0 

ac-/ 

b 

F  -  1  t  A 

2  t  bOO 

26  oO  0 

3  6  0  1 0 

lOb.O 

3b 

ac-/ 

20 

F  -  1  t  A 

2 1  but) 

'  2  o  00  0 

A  l  0  C  0 

1  1  0 . 2 

0 

80-7 

1  / 

21 


Table  1 


(Cont inued) 


5UMMARY  UF  UAK-12  (EXTENDED  RUNOUT)  ARRESTMENT  OATA 


A/C 

A  /C 

A/C 
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GRUUNU 

ENGAGE  MtM 

AFP  T  C 

«  t  1  GH  T 

uRUSS 

MAXIRUM 

SPEED  AT 
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A  /  ( 

C A  TtCUR Y 

«t i gh  r 

110  UK  LU  AO 

ARRES  THEN  T 

FROM  RUNNAY 

REPGk  T 

RUN 

TYFl 

(LU  ) 

(  LU  1 

(LU  1 

(KT  ) 

CENTER  (FT) 

NUMBER 

NUMBER 

F-ltA 

2  6  500 

26400 

15000 

68.9 

0 

8C-7 

2 

f  -  1 1 A 

itb  OU 

2  /OOO 

4C0CC 

lib./ 

0 

80-/ 

82 

F-  1  tA 

26  50o 

2/100 

4  30  CO 

127. 3 

50 

80-/ 

2/ 

F  -  1 1 A 

2650U 

27100 

2 40  C  0 

101.0 

0 

80-7 

4 

F-ltA 

26  500 

2/100 

322  CO 

86.2 

0 

80-7 

11 

P-  1  6A 

2  6  500 

2  / 2 00 

35  6  C  0 

10d.4 

25 

to-/ 

19 

F-  i  t  A 

26500 

2  /  30  0 

290  CO 

108.  7 

50 

8C-7 

26 

F-ltA 

2  65  CO 

2  /  6 00 

12  00  0 

50  .  / 

0 

80-  / 

1 

P-ltA 

26500 

2  7  /OO 

250CC 

89.5 

0 

to-  / 

3 

F-ltA 

3  4000 

3  2  0  0  L 

4  1  C  00 

110.5 

0 

ac-  / 

4 

F-  1 1 A 

34000 

32  40  C 

3  15  CO 

95.4 

0 

80-  / 

a 

F-ltA 

34O0U 

32400 

295C0 

89.9 

0 

ao-/ 

/ 

F-ltA 

34000 

3  3  6  0  C 

5  1  0  C  0 

128.6 

35 

to-  / 

3/ 

F-ltA 

1  4000 

34000 

3  a  o  c  o 

122 . 7 

50 

80-/ 

40 

F-ltA 

34000 

34  100 

3dCCC 

112.1 

35 

8C -/ 

36 

F-ltA 
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34200 

57OC0 

129.9 

0 

eO-/ 

34 

F-ltA 

34000 

3  4  4  0  o 
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114.3 

0 

8  C-  / 

31 

F-ltA 

34000 
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412CC 
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50 
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34 

F-  1  f  A 

14000 

14600 
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0 
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3  3 
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99.8 

50 
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38 
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0 
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35 
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0 
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32 
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3  4000 
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31400 

98.0 

0 
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3u 
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100. 0 

0 

80-/ 

10 

F-  1  1 1  A 

6  C  000 

o  0  0  0  0 

24000 

90.0 

0 

69-4- 

35 
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6  CO  00 
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0 
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25 
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3/ 

F-111A 

60000 

60000 
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0 
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25 
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u 
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51 
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u 
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u 
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55 
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9  00  CO 
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0 

6  9-9 

56 

Y  A  -  1 V 

3  4000 

34400 

4  C  5  0  0 

1  14  .6 

0 

78-3 

4  / 

YA-  lu 

34000 

34400 
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50 

7  8-  3 

41 
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Table  1 


(cone luded) 


SUMMARY  l  IF 

Li  A  K-  1 1  (tXT(M)FU  RUNOUT)  A  k  K 1  ilrtlM  OAlA 

A/C 

A/C 

A  /C 

A VEkACl 

US  T 
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tNGACt  fit  N1 

AF  )  1  L 

wl  ICHI 

GROSS 

rAxi  cuf* 

SPLtl)  AT 

DISTANCE 

TLCFMCAL 

1  t  5  1 

A/C 

C  A  KGUKY 

«it  1 GH  T 

HU UK L  0 AO 

ARRtSTHtM 

FROM  RUNhAY 

r  t  Pur t 
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n  pt 

(LB  1 

(LB) 

( L  6  ) 

(K  T  ) 

CtNTfcK  (FT) 

FGbHt  K 
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*9*9***99*9*9»««***9999«99$99*9«9*«««*«9*9««*«9**9«**999*949***9*»***9 *«**««♦ 

YA-  10 

3  50  00 

35  700 

36500 

95.6 

0 

76-3 

50 

YA-  1C 

35000 

35  700 

5  7  t  C  0 

12  1.6 

50 

76-3 

5u 

YA-10 

35000 

35100 

72  300 

76 .0 

0 

76-3 

56 

YA-  10 

3  5C0O 

35  100 

3  5  5  C  0 

103.1 

35 

7  6-3 

5-y 

Y  A-  1C 

3  5000 

35  5  00 

50  7CQ 

132.0 

0 

76-3 

5  o 

YA-  10 

A  COOO 

51300 

5  2  7  CO 

156.  7 

0 

76-3 

5<* 

Y  A-  10 

5C00U 

5  16  Go- 

5  0  7 CO 

150.5 

0 

76-3 

5  1 

YA-10 

50C0O 

52200 

5C5C0 

119.6 

0 

7  6-3 

52 

YA-  10 

5cooo 

5/700 

608C0 

15  7.6 

5  U 

76-3 

56 
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<10000 

57000 

52  7C0 

126.2 

50 

/  6-  3 

55 

YA-  10 

5  55  00 

5  6  3  00 

63  BCO 

156.5 

0 

76-3 

5/ 

YA-10 

59500 

5680c 

56600 

135.1 

0 

76-3 

5  6 

YA-  10 

59500 

592  oc 

5  2  fc  CO 

119.5 

0 

76-3 

5/ 

YA-lu 

5950O 

59  2uO 

7t>  1  CC 

136.3 

5u 

76-3 

63 

YA-  10 

59500 

59500 

52  7  CO 

139.5 

50 

76-3 

61 

YA-10 

5950U 

59600 

700CC 
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0 

76-3 

62 

YA-  10 

<.<<500 

5990C 

5  2  6  C  0 

12b. 6 

50 

76-3 

6U 
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Table  2 


SU"FAKY  UP  8AK-13  AKKfcSTHfcM  DATA 


A/C 

A/C 

A/C 

A VFRACt 

itsr 

GkUUNO 

LNCACk  Ft  M 

AFF  1C 

tat  ICHI 

OKtJSS 

FA  X  1  ruM 

bPttO  AT 

OlSTANCt 

TECFMCAL 

rtbi 

A/C 
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kCN 

TYPt 

mn 
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(LB) 

(KT) 

CtNTfck  (FI) 

NUPBt  K 

NO  Mil  t  K 

#***«***««■«♦*****«***♦*♦$**********♦*****♦♦*♦****♦♦*♦♦**#*♦#♦♦*♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 

F-ltA 

J  40  00 

3/000 

29b00 

89.9 

0 

8C-7 

7 

P-  1 1 A 

34000 

3  1  6  0  0 

b  3b  CO 

1Z9 .  b 

0 

80-7 

6/ 

F-  1  tA 
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7b 
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7u 
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0 
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66 
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3  4  b  0  0 

3/000 
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bO 
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6  9 
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3  4  6  0  0 

460  C  C 

1  1Z  .0 

0 

8C-7 

tb 

F-ltA 

J  40  00 

3  b  0  0  0 
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u 
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64 
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2  40  Oil 
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bO 
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68 
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0 
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10 

F-1C0 

<  6COO 
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90.0 

0 

69-3 
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3b 
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Zb 
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1Z1.0 

7b 

73-36 

73 

F- 1 11A 

e4coo 

6  0  9  0  0 

6  Z  8  CO 

1Z0.0 
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104.9 

6  0 

8C-3  3 

3  <  i 
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74 
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79 
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90 
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24800 
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0 
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29200 
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0 
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F-  1  tA 

2  6000 
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90 
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90 
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40 
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26800 

32  7CC 
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46 
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0 
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47 
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9u 
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79 
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94 
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41 
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(' 
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44 
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28100 

4b  IOC 
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0 
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2  6COO 

28J00 

l  2  9  CO 

69.8 

0 
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40 
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2  AO  00 

32000 

4  1  0  0  C 
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0 
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9 
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34000 

32400 

3  1  9  CO 

99.9 

0 

8  C  -  7 

o 
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4  iJ  M  *1 A  K  Y  OF  rtAK-13  AKkt  4  I  Hfc  Nl  DATA 


A/t 

A/t 

A/t 

A  VFKACF 

IF  41 

CKQUKD 

tNGAUtntNT 

AFF  It 

Ml  1  (ill  1 

k»K  IJ  S  J 

maxi mum 

4F(Li)  A  1 

0141 ANC! 

IkLFMtAL 

lot 

A  7t 

t ATlCUK Y 

Nt  lour 

FtOUKL  UAL) 

AKtffc  ST  l*fcM 

F H1JH  KUMiAT 

B k  PUR  I 

KOI* 

TYPl 
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(LB) 

(Lb) 

fc  *  A  *  *  * 

un 

k  i  i  AAAAAAAAi 

CfcNlfcK  (FI) 

AUFBF K 
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A-j  A 

48000 

4/COO 

4  VoCC 

1  14.0 

0 

64-3 

I/O 

A-  2  A 

i  JCOO 

44000 

3  CO  CO 

4/.0 

0 

6  *»  —  J 
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A-  2  A 
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ti  00  00 

V/OCO 

1/1  .0 

34 

t  4-  3 
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A-  2  A 
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MU  00  0 
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0 

64- J 
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A-  2  A 

VCU  00 
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3  2000 

Bb  .  0 

u 

64-3 
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/OOOO 

/oooo 

4  JOCO 

11  J.O 

0 
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/  04 
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i  JCOO 
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0 

73-36 
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1 
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74 
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40 
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74 
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74 
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44 
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0 
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IB 
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61 
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8H.0 

0 

64-3 

6/ 

KF-4C 

46C0U 

4/000 
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44 
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J 
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0 
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11 
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J  4000 

J  1600 
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0 
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/ 
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JZOOO 
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0 
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6 
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Jb400 
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114.0 

0 

76-4 

13 
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4  1000 

JB600 

4  /  JCO 

10/  .0 

34 

76-4 

14 
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4  1000 

JB400 
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130.0 

0 

76-4 

14 
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14/  .0 
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7  c-4 

17 
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140.0 

0 

76-4 

33 
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3/ 
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1  1  i  1 

A/C 
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and/or  a  filter  which  clipped  the  peaks.  There  was  an 
instance  where  a  strain  gauge,  intended  to  read  pure 
tension,  was  installed  at  a  point  on  the  tail  hook  where 
bending  was  also  present  . 

There  were  errors  introduced  into  the  test  data 
because  the  aircraft's  fuel  quantity  measurement  system 
was  inoperable  and  it  was  not  possible  to  accurately 
estimate  the  aircraft  test  weight  . 

There  are  uncontrollable  variables  in  the  functioning 
of  the  barrier  systems  .  The  barrier  preload  cannot  be 
maintained  accurately  from  one  arrestment  to  another;  The 
tightness  with  which  the  barrier  tapes  are  rewound  onto 
the  reels  cannot  be  maintained  constant  between  arrest¬ 
ments;  The  positioning  of  the  cable  supports  varies 
with  each  cable  retraction  . 

Exc 1  us ion  of  Standard  BAK-12  Pata : 

Some  of  the  AFFTC  Technical  Reports  on  arrestment 
test  programs  (Phase  I  Test  and  Evaluation  of  the  BAK-13/ 
F48A  Aircraft  Arresting  System,  reference  1;  Category  II 
F-lllA  Arresting  Systems  Compatibility  Tests,  reference 
2;  BAK-13  Aircraft  Arresting  System  Phase  II  Test,  ref¬ 
erence  3)  included  a  large  number  of  reproductions  of 
the  original  strip  chart  records  of  hook  load  time  his¬ 
tories.  These  were  invaluable  in  verifying  the  accuracy 
of  the  original  data  reduction.  However,  the  reports  on 
the  Standard  BAK-12  test  programs  (Category  II  A-7D 
Arresting  System  Compatibility  Tests,  reference  4;  F-5E 
Standard  BAK-12  Arresting  System  Compatibility  Tests, 
reference  5;  BAK-12/E32A  Portable  Aircraft  Arresting  Bar¬ 
rier,  reference  6)  did  not  include  enough  original  data 
so  that  this  procedure  could  be  used.  Those  strip  chart 
records  that  were  included  (references  5  and  6)  revealed 
some  problems  with  sampling  rates  and  data  reading  methods  . 
Therefore,  the  Standard  BAK-12  data  were  excluded  from 
the  analysis.  Data  points  from  the  F-5E  and  A-7D  BAK-12 
barrier  compatibility  test  programs  are  plotted  in  figures 
A1  and  A3.  The  curves  shown  in  Figure  A1  fit  the  Standard 
BAK-12  data  poorly.  Use  of  these  curves  for  regression 
analysis  of  Standard  BAK-12  data  would  result  in  extremely 
conservative  results.  The  curves  in  figure  A3  fit  the 
Standard  BAK-12  data  much  better  but  would  also  yield 
excessively  conservative  results.  Therefore,  it  is  not 
recommended  that  any  of  these  curves  be  used  for  analyzing 
Standard  BAK-12  data. 
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SELECTING  THE  BEST  FITTING  CURVE 


The  quest  for  a  curve  fitting  equation  was  started 
with  the  BAK-12ER  data.  It  represented  the  results  of 
barrier  tests  with  only  four  aircraft  as  opposed  to  0 
aircraft  represented  by  the  BAK-13  data.  Consequently, 
if  hook  load  deviation  was  a  function  of  inherent  differ¬ 
ences  in  aircraft,  the  BAK-12ER  data  should  be  more 
compact  and  easier  to  curve  fit  than  the  BAK-13  data. 
The  effect  that  aircraft  differences  have  on  data  disper¬ 
sion  is  discussed  later. 

When  the  BAK-12ER  data  were  listed  in  ascending  order 
of  test  weight  it  was  noted  that  they  fell  into  nine 
clearly  defined  categories.  The  median  values,  in  pounds, 
for  each  of  the  categories,  and  the  number  of  test  points 
in  each  category  (in  parentheses)  are  shown  in  table  3. 

Table  3 

BAK-12ER  TEST  WEIGHTS 


Median 

Gross 

Weight 
( Pounds ) 

i  Number 

1  of  Tests 

1  Conducted 

18,500 

1 

1  9 

26,500 

(  22 

34,000 

!  25 

40,000 

1  13 

49,500 

|  7 

54,000 

1  12 

60,000 

1  10 

80,000 

1  5 

90,000 

1  4 

As  was  stated  earlier,  the  forms  in  which  aircraft 
weight  (W)  and  engagement  groundspeed  (V)  might  appear  in 
an  equation  for  hook  load  were  not  known.  Initially  it 
was  thought  that  weight  and  engagement  groundspeed  might 
be  related  to  maximum  hook  load  by  kinetic  energy  only 
such  that: 

2 

HL  =  f (KE)  =  f ( WV  )  (  1  ) 

2g 


where:  HL 

W 
V 

g 

f 


predicted  maximum  hook  load  (pounds) 
aircraft  weight  (pounds) 

aircraft  groundspeed  at  engagement  (ft/sec) 
gravitational  constant 
arbitrary  function 
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However,  this  relationship  requires  hook  load  to  be 
directly  proportional  to  weight  for  a  given  groundspeed  . 
Review  of  the  data  in  tables  1  and  2  revealed  the  re¬ 

lationship  of  weight,  groundspeed  and  hook  load  to  be 
nearly  the  reverse  of  this;  hook  load  varied  nearly 

directly  with  groundspeed  for  a  given  aircraft  weight. 

Many  equations  were  written  that  complied  with  these 
obvious  relationships  between  hook  load  and  the  variables 
W  and  V.  Each  one  was  fitted  to  the  data  in  the  least 
square  sense  using  regression  analysis  .  To  select  the 
best  fitting  curve  a  computer  program  was  used  that 
determined  the  "residual  errors"  for  each  curve  fit. 
The  residual  errors  were  the  differences  between  the 
actual  (observed)  hook  loads  and  those  predicted  by 
regression  analysis  for  the  same  groundspeeds  .  When 

the  residuals  from  each  curve  fit  (each  representing  a 
di f ferent  hook  load  equation)  were  plotted  versus  ground- 
speed  and  compared,  the  best  fitting  curve  could  be 
selected.  It  was  the  one  with  the  smallest,  most  evenly 
distributed  residuals. 

The  equation  for  the  curve  that  best  fitted  the 
entire  mass  of  t>u  BAK-12ER  data  was; 

HI,  =  Bj  TAN  ( V/B2  )  (2) 

where:  ML  =  predicted  hook  load  (pounds) 

Bj  =  42,959.31  (say  43,000) 

B2  =  149.687  (say  150) 

V  =  engagement  groundspeed  (knots) 

Since  weight  did  not  appear  in  the  equation  the  resultant 
curve  expressed  the  relationship  between  hook  load  and 
groundspeed  at  the  average  of  all  the  test  weights; 
approximately  50,000  pounds. 

ADDING  THE  WEIGHT  TERM 

In  order  to  generate  a  family  of  curves  of  hook  load 
versus  groundspeed  for  a  range  of  aircraft  weights,  it 
was  necessary  to  modify  the  equation.  Its  final  form 
was  : 

HI,  =  B1TAN(V/B2  )  (  1  +  TAN((W-50,000)/B3)  )  (3) 

where:  Bj  =  43,000 

R2  =  150 
B3  =  450,452 

V  =  engagement  groundspeed  (knots) 

W  =  aircraft  weight  (pounds) 

HL  =  predicted  maximum  hook  load  (pounds) 
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The  family  of  mean  curves  shown  in  figure  6  was  con¬ 
structed  by  plotting  the  values  of  hook  load  obtained  by 
solving  this  equation  for  various  values  of  aircraft 
weight  and  engagement  groundspeed .  The  weights  were 
taken  from  table  3  .  The  actual  data  points  obtained 
during  the  test  programs  are  represented  by  symbols 
which  also  identify  the  aircraft  and  the  weights  at 
which  they  were  arrested  . 

CONFIDENCE  INTERVAL  ESTIMATES 

The  fact  that  the  curves  generated  by  the  hook  load 
equation  fitted  their  data  in  the  least  square  sense 
meant  that  there  were  approximately  the  same  number  of 
data  points  above  and  below  the  curves.  Statistically 
we  could  be  confident  of  finding  a  data  point  lying 
within  one  standard  deviation  of  the  curve  60.27  per¬ 
cent  of  the  time.  This  was  not  an  adequate  confidence 
level,  especially  in  the  region  where  the  curves  crossed 
the  arresting  hook  design  limit  load  line.  As  stated 
earlier,  ninety  percent  was  selected  as  a  satisfactory 
confidence  level .  Any  higher  confidence  level  would 
have  resulted  in  excessive  conservatism. 

Hook  load  standard  deviation  varied  with  velocity 
along  the  entire  length  of  the  curve  because  of  the 
difference  in  the  number  of  tests  conducted  at  each 
speed.  In  order  to  define  the  confidence  limits  in 
terms  of  hook  load,  it  was  necessary  to  first  determine 
the  nature  of  this  variation.  To  do  this,  the  data  were 
assembled  in  ascending  order  of  velocity  and  in  groups 
centered  on  their  median  values.  The  residuals  (observed 
hook  loads  minus  predicted  hook  loads)  for  each  group 
of  velocities  were  then  submitted  to  the  computer  for 
determination  of  standard  deviations  .  The  standard  devi¬ 
ations  thus  obtained  were  multiplied  by  1.645  to  obtain 
the  90  percent  confidence  limits.  These  were  then  plotted 
versus  groundspeed  as  the  independent  variable  and  an 
approximating  curve  was  fitted  as  shown  in  figure  7. 
The  90  percent  confidence  curves  of  hook  load  versus 
groundspeed  shown  in  figure  0  were  constructed  by  adding 
the  90  percent  confidence  limits  (pounds)  (taken  from 
figure  7)  to  corresponding  hook  load  values  predicted  by 
equation  3  . 

Figures  A1  through  A9  in  Appendix  A  show  mean  and 
upper  90-percent  confidence  curves  for  each  of  the  weight 
categories  tested  with  the  BAK-12ER.  The  actual  data 
points  associated  with  the  curves  are  also  shown.  The 
aircraft  types  represented  by  the  data  can  be  determined 
by  reference  to  figure  6.  Figures  A1  and  A3  also  show 
some  standard  RAK-12  data  points. 


3) 


BAX-12  (EXTENDED  RUNOUT)  ARRESTING  SYSTEM 


Figure  6  Mean  Curves  of  Predicted  Maximum  Aircraft 
Arresting  Hook  Loading  Versus  Aircraft 
Groundspeed  at  Cable  Engagement  for  BAK-12F.R 
Barr iers 


BAK-12  (EJCT ENDED  RUNOUT)  ARRESTING  SY$TEM 
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Maximum  Aircraft  Arresting  Hook  Loading  Versus 
Aircraft  Groundspeed  at  Cable  Engagement  for 
BAK-12ER  Barriers 


The  family  of  curves  shown  in  figure  8  are  to  he 
used  for  predicting  the  maximum  aircraft  arresting  hook 
loads  induced  by  the  BAK-12ER  barrier.  Ninety  percent 
of  actual  test  data  will  fall  on  or  below  the  appropriate 
upper  confidence  limit  curve.  Figure  8  can  be  used  for 
aircraft  weighing  between  20,000  and  80,000  pounds.  How¬ 
ever,  greatest  accuracy  is  obtained  for  aircraft  weighing 
approximately  40,000  through  60,000  pounds. 

HOOK  LOAD  EQUATION  FOR  BAK-13  DATA 


Each  of  the  equations  that  were  fitted  to  the  BAK-12F.R 
data  were  also  tried  on  the  BAK-13  data.  In  each  case, 
the  curve  fit  was  unsatisfactory  due  to  excessively 
large  and/or  poorly  distributed  residuals.  Again,  as 
was  true  with  the  BAK-12ER  data,  the  shape  of  the  hook 
load/groundspeed  curve  could  not  be  predicted  by  inspection 
of  the  scatter  diagram  generated  by  plotting  the  data 
( figure  5 )  . 


The  categories  into  which  the  BAK-13  test  weights 
fell  were  determined  by  following  the  procedure  previously 
used  with  the  BAK-12ER  data.  Again  there  were  nine  weight 
categories.  The  median  weights  (in  pounds)  for  each 
category  and  the  number  of  test  points  in  each  category 
(in  parentheses)  is  listed  in  table  4.  The  34,000  pound 
category,  having  34  points,  was  the  largest  in  terms  of 
number  of  data  points.  When  plotted,  the  resulting 
scatter  diagram  revealed  a  linear  relationship  between 
hook  load  and  groundspeed,  at  least  for  this  particular 
aircraft  weight  and,  assumably,  for  all  the  weights  listed 
in  table  4.  This  linear  relationship  indicated  that  the 
equation  connecting  the  variables  would  be  a  first  degree 
polynomial  of  the  form  y  =  aQ  +  a3x.  Several  equations 
of  this  form  were  tried  and  the  one  which  best  fitted  the 
data,  having  the  lowest  and  most  evenly  distributed 
residuals,  was: 


HL  =  BL  +  B2W  +  (B3  +  B4W)V 


where : 


HL  =  predicted  hook  load  (pounds) 

BX  =  -34,056 
B2  =  -0  .012038 
B3  =  591  .00 
B4  =  0  .003; 428 

W  =  aircraft  gross  weight  (pounds) 

V  =  groundspeed  at  engagement  (knots) 


(4) 
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Table  4 


BAK-13  TEST  WEIGHTS 


Number 
of  Tests 
Conducted 


19,000 

l 

1 

19 

26,000 

1 

23 

34,000 

I 

34 

41,000 

1 

20 

48,000 

I 

19 

53,000 

1 

14 

60,000 

1 

20 

70,000 

! 

14 

84,000 

I 

7 

Median 
Gross 
Weight 
( Pounds ) 


The  family  of  mean  curves  shown  in  figure  9  was 
constructed  using  this  equation  and  the  weights  listed  in 
table  4.  The  actual  test  data  are  represented  by  symbols 
which  also  identify  the  test  aircraft  and  the  test  weights  . 

BAK-13  CON F I  HENCE  INTERVALS 

The  90  percent  confidence  intervals  for  the  BAK-13 
data  were  determined  by  following  the  same  procedures 
used  with  the  BAK-12ER  data.  The  standard  deviations  of 
the  hook  load  residuals  were  computed  and  were  multiplied 
by  the  90  percent  confidence  coefficient  (1.645)  to 
obtain  the  confidence  limits.  These  were  then  plotted 
versus  groundspeed  as  the  independent  variable  and  an 
approximating  curve  was  fitted  (figure  10) .  The  approxi¬ 
mating  curve  which  best  fitted  the  confidence  limit  data 
points  in  the  least  square  sense  was  a  straight  line.  Its 
equation  was: 


C  =  aG  +  ayV  (5) 

where:  C  =  90  percent  confidence  limit 

ac  =  5364.36  pounds  (y  intercept) 

=  6.18  (slope  of  line) 

V  =  groundspeed  (knots) 

The  family  of  90  percent  confidence  curves  of  hook  load 
versus  groundspeed  shown  in  figure  1  1  was  constructed  by- 
adding  C,  as  determined  by  equation  5  for  selected  values 
of  V,  to  the  corresponding  mean  hook  load  predicted  by 
equation  4.  The  mean  and  ninety  percent  confidence 
curves  for  the  test  weights  listed  in  table  4  are  shown 

in  figures  B1  through  B9  in  Appendix  B.  The  actual  test 

data  points  are  also  shown  . 
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-13  ARRESTING  SYSTEM 


Figure  9  Mean  Curves  of  Predicted  Maximum  Aircraft 
Arresting  l.ook  Loading  Versus  Aircraft 
GroundspetJ  at  Cable  Engagement  for  BAK-13 
Barr  iers 


Aircraft  Weight  (Pounds) 
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Figure  11  Ninety-Percent  Confidence  Curves  of  Predicted 
Maximum  Aircraft  Arresting  Hook  .oading  Versus 
Aircraft  Croundspeed  at  Cable  F.ngagenent  tor 
BAK-li  Barriers 
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The  family  of  curves  shown  in  figure  11  is  to  be 
used  for  predicting  BAK-13  hook  loads.  It  can  be  used  for 
aircraf;  weighing  between  20,000  and  90,000  pounds  within 
the  range  of  groundspeeds  shown.  Greatest  accuracy  is  ob¬ 
tained  for  aircraft  weighing  approximately  40,000  through 
70,000  pounds. 

ARRESTING  HOOK  DESIGN  SPECIFICATION 

Military  speci fication  MIL-A-83136  (reference  11)  cov¬ 
ers  the  design  and  installation  of  emergency  arresting 
hooks  .  It  contains  curves  of  hook  load  versus  engaging 
speed  from  which  approximate  maximum  BAK-13  hook  loads 
are  supposed  to  be  obtained  .  These  curves  are  reproduced 
in  figure  12  .  They  are  shown  again  in  figure  13  with 
the  curves  from  figure  11  superimposed.  There  is  little 
agreement  between  the  two  sets  of  curves.  So  that  MIL¬ 
A-83136  can  be  corrected,  copies  of  this  document  have 
been  made  available  to  the  preparing  activity  (Naval 
Air  Engineering  Center,  Lakehurst,  NJ.). 

OFFCENTER  ARRESTMENT 

All  of  the  curves  generated  by  the  BAK-12ER  and 
BAK-13  hook  load  equations  apply  to  both  oncenter  and 
of fcenter  arrestments.  Peak  hook  loads  tend  to  be  slightly 
less  during  of  fcenter  engagement  but  not  signifi  -ar.tly 
so.  The  decrease  in  braking  hook  load  results  from  an 
increase  in  energy  loss  during  the  early,  dynamic  phase 
of  the  arrestment  when  the  airplane  is  sometimes  yawing 
and  skidding .  The  reduced  hook  load  is  accompanied  by 
an  increase  in  nose  landing  gear  side  loading.  This 
factor  may  require  reduced  engagement  speeds  for  offcenter 
arrestments  . 

AIRCRAFT  DIFFERENCES  AND  THEIR  EFFECT  ON  DATA  DISPERSION 

Some  of  the  dispersion  in  arrestinq  hook  load  data 
can  be  attributed  to  inherent  differences  in  aircraft  . 
Some  aircraft  have  more  aerodynamic  drag  than  others: 
some  have  more  rolling  friction  due  to  a  large  footprint 
or  dragging  brakes;  some  aircraft  engines  have  more  idle 
thrust  than  others  . 

Aerodynamic  drag  and  rolling  friction  aid  in  slowing 
the  aircraft  and  in  so  doing  cause  a  slight  reduction  in 
arresting  hook  loading.  Engine  thrust  adds  directly  to 
the  tail  hook  loads.  With  some  aircraft,  especially 
those  with  two  engines,  idle  thrust  can  amount  to  several 
thousand  pounds  .  It  takes  more  time  for  the  thrust  of 
some  engines  to  decay  in  response  to  the  throttle  that 
others.  Hence,  the  thrust  can  still  be  significantly 
above  the  idle  value  at  the  point  in  the  runout  where 
maximum  hook  load  occurs. 
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M1L-A-8313G  IUSAF) 


Figure  12  Curves  of  Aircraft  Arresting  Hook  Loads  Versus 
Cable  Engaging  Speed  for  the  BAK-11  Arresting 
System  (taken  from  MI L-A-83 1  36) 
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HOOK  LO AO  -KIPS 


MIL-A -83130  (USAF) 


Figure  t 3  Curves  from  Figure  II  (dashed  lines) 
Superimposed  on  Figure  1? 


These  factors,  combined  with  the  inconsistencies  com¬ 
mitted  during  data  acquisition  and  reduction,  are  respon¬ 
sible  for  some  of  the  dispersion  present  in  the  tail 
hook  load  data . 

Minimizing  Data  Dispersion  Caused  by  Aircraft 

Differences : 

The  effect  of  engine  residual  thrust  on  hook  load 
can  be  minimized  by  timely  throttle  reduction.  This 
means  that,  during  a  test  engagement,  the  pilot  may  have 
to  overshoot  his  target-speed  and  retard  the  throttle 
before  reaching  the  barrier,  thus  allowing  more  time  for 
thrust  reduction  . 

The  effect  of  aerodynamic  drag  on  hook  loads  can  be 
controlled  by  consistent  use  of  high-lift,  high-drag 
devices  such  as  flaps  and  speedbrakes  .  For  instance, 
speedbrakes  were  extended  during  F-15  tail  hook  testing 
but  were  not  used  during  F-16  testing  .  This  inconsistency 
did  not  adversely  effect  the  results  of  either  test 
program  but  it  did  increase  the  overall  dispersion  when 
the  data  were  combined  . 

Surface  winds  at  the  barrier  test  facility  are  almost 
always  tail  winds  .  This  effect  tends  to  increase  hook 
loads  slightly,  especially  for  unclean  airplanes,  i.e., 
those  with  external  stores,  extended  flaps/speedbrakes  . 
Consistency  is  the  keyword  here. 

Headwinds  are  to  be  avoided  during  barrier  testing, 
especially  at  the  higher  speeds.  This  is  because  the 
target  groundspeed  plus  the  headwind  component  could 
exceed  the  takeoff  speed  for  the  aircraft.  Also,  if 
the  wind  should  abate  abruptly  during  a  test  run  the 
aircraft  groundspeed  could  exceed  the  critical  limit. 


SUMMARY 


This  document  has  traced  the  progress  of  a  study 
which  was  conducted  to  develop  curve  fitting  routines  for 
BAK-12ER  and  BAK-13  aircraft  arresting  barrier  data.  The 
routines  which  resulted  were  used  to  create  families 
of  curves  which  expressed  the  relationship  between  air¬ 
craft  barrier  engagement  speed  and  maximum  aircraft  hook 
loading  for  a  range  of  aircraft  weights. 

The  end  products  of  the  study  are  the  curve  families 
shown  in  figures  8  and  11  .  With  these  curves  and  a 
knowledge  of  the  barrier  type,  the  aircraft  weight,  and 
the  design  load  limit  of  the  aircraft  arresting  hook, 
the  critical  arrestment  speeds  can  be  predicted  with 
90  percent  confidence.  Figure  8  is  for  use  with  the  BAK- 
12ER  barrier.  It  can  be  used  for  predicting  conservative 
hook  load  limit  speeds  for  aircraft  weighing  between 
20,000  and  80,000  pounds.  Figure  11  is  for  the  BAK-13 
barrier.  With  it,  conservative  hook  load  limit  speeds 
can  be  predicted  for  aircraft  weighing  between  20,000  and 
90,000  pounds. 

During  the  conduct  of  an  aircraft/barrier  compati¬ 
bility  test  program  the  test  data  (hook  load  and  ground- 
speed)  should  be  plotted  on  the  appropriate  curve  from 
figure  8  or  11.  If  the  data  points  all  fall  below  the 
curve  the  test  conductor  can  feel  confident  in  the 
accuracy  of  his  data.  However,  he  should  review  with 
caution  any  test  data  that  fall  above  the  curve.  In  the 
final  analysis  no  more  than  ten-percent  of  the  points 
should  fall  above  the  curve  .  In  the  case  where  this  law 
is  violated  the  test  procedures  should  be  suspect  . 

Be  mindful  of  the  fact  that  the  curves  in  figure  8 
and  11  apply  only  to  the  standard  BAK-13  and  the  extended 
runout  version  of  the  BAK-12.  They  cannot  be  used  to 
predict  hook  loading  from  other  arresting  systems. 
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APPENDIX  A 

CURVES  OF  PREDICTED  MAXIMUM  AIRCRAFT  ARRESTING 
HOOK  LOADING  VERSUS  AIRCRAFT  GROUNDSPEED  AT 
CABLE  ENGAGEMENT  FOR  BAK-12ER  BARRIER 


BAK-12  (EXTENDED  RUNOUT)  ARRESTING  SYSTEM 
Aircraft  Gross  Weight  -  18,500  lb 


Best  Available 


Figure /\|  Curves  of  Predicted  Maximum  Aircraft  Arresting 
Hook  Loading  Versus  Aircraft  Groundspced  at 
Cable  Engagement  for  BAK-12ER  Barrier 


12  (EXTENDED  Rlh'OUT)  ARRESTING  SYSTEM 
Aircraft  Gross  Weight  -  26,500  lb 


Hook  Loading  Versus  Aircraft  Groundspecd  at 
Cable  Engagement  for  BAK-12EK  Barrier 


BAKh12  (ltXTENpED  RUNOUT!)  ABJJESTIpG  SYSTEM 
Aircraft  Girois  KeigHt  -  14,000  lb 


Figure  A3  Curves  of  Predicted  Maximum  Aircraft  Arresting 
Hook  Loading  Versus  Aircraft  Groundspecd  at 
Cable  Engagement  for  BAK-12ER  Barrier 


12  (EXTENDED  RUNOUT)  ABJtESTlHC  STST^H : 
Aircraft  Cross  Weight  -  40,000  lbi  ■ 


Figure  A*+  Curves  of  Predicted  Maximum  Aircraft  Arresting 
Hook  Loading  Versus  Aircraft  Cround speed  at 
Cable  Engagement  for  BAK-12ER  Barrier 


BAK-12  (EXTENDED  RUNOUT)  ARRESTING  SYSTEM 
Aircraft  Gross  Weight  -  $0,000  lb 


Figure  ^7  Curves  of  Predicted  Maximum  Aircraft  Arresting 
Hook  Loading  Versus  Aircraft  Groundspecd  at 
Cable  Engagement  for  BAK-12ER  Barrier 


•12  (EXTENDED  RUNOUT)  ARRESTING  SYSTEM 
Aircraft  Gross  Weight  -  80,000  lb 


F igure  A©  Curves  of  Predicted  Maximum  Aircraft  Arrest 
Hook  Loading  Versus  Aircraft  Croundspeed  at 
Cable  Engagement  for  BAK-12ER  BarrWr 


-12  (EXTENDED  RUNOUT)  ARRESTING  SYSTEM 
Aircraft  Gross  Weight  -  90,000  lb 


qraft  Croupd sp*«d  at  Engagement  (V^t) 
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APPENDIX  B 

CURVES  OF  PREDICTED  MAXIMUM  AIRCRAFT  ARRESTING 
HOOK  LOADING  VERSUS  AIRCRAFT  GROUNDSPEED  AT 


CABLE  ENGAGEMENT  FOR  BAK-13  BARRIERS 


BAK-l 3  ARRESTING  SYSTEM) 
Aircraft  Gross  Weight  -  Y6,00|T  lb  ; 


Figure  E>2  Curves  of  Predicted  Maximum  Aircraft  Arresting 
Hook  Loading  Versus  Aircraft  Groundspeed  at 
Cable  Engagement  for  BAK-13  Barriers 
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Hook  Loading  Versus  Aircraft  Grounds 
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BAK-13  ARRESTING  SYSTEM 

Aircraft  Gross  Weight  -  60,000  lb 
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Hook  I  ;.u!ing  Versus  Aircraft  Groundspe 
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BAK-13  ARRESTING  SYSTEM 
Aircraft  Gfosi  weight  ■»  $*,000  lb 


Curves  of  Predicted  Maximum  Aircraft  Arresting 
Hook  Loading  Versus  Aircraft  Groundspeed  at 
Cable  Engagement  for  EAK-13  Barriers 


